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Introduction 
The fenland landscape of East Anglia is dominated by intensive arable 
agriculture. As in much of lowland Britain, there have been losses of ponds 
(Barr et al. 1994), whilst managed linear drainage ditches are a feature of many 
field boundaries. However, there remain small pockets of land protected as 
wetland reserves (e.g. Wicken Fen and Woodwalton Fen) and other areas that 
remain subject to flooding and are consequently less heavily managed (e.g. the 
Ouse Washes). Most changes to landscape features were established prior to 
1900, but new drainage schemes were still promoted as recently as the 1980s. 
Such a scheme at Swavesey on the Great Ouse floodplain provided 
opportunities to study the impacts of contrasting land use on a range of 
terrestrial (Mountford et al. 1994; Parish et al. 1994; Sparks & Parish 1995) 
and freshwater communities (present study). 
Major contrasting features influencing freshwater habitats at Swavesey (Fig. 
1) are the continuous (point-source) discharge of a sewage works effluent, the 
seasonal influxes of agrochemicals (which vary with the type of agriculture in 
adjacent fields) and the particular hydrological regime at each site (pond or 
ditch, presence/absence of major annual flood events). Similarities between 
waterbodies include the high alkalinity maintained by contact with the 
underlying calcareous clay soil. Also, major plant nutrients are not considered 
to fall below concentrations limiting plant growth. In fact, regular clearance of 
vegetation from ditches is necessary to maintain effective drainage. In 
consequence, the freshwater invertebrate fauna at Swavesey is exposed to 
localised elevated nutrient inputs but there are no sites with particularly low 
nutrient levels, as occur in established fen communities. With this in mind, the 
contrasts between the invertebrate communities across the range of 21 ponds 
and 33 ditches sampled during this study are not as striking as those that would 
occur in a less uniform landscape. 
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Methods of classification have been developed for describing invertebrate 
communities in rivers and streams (Wright et al. 1985) and also in drainage 
ditches (Scheffer et al. 1984; Verdonschot 1992). Major constraints are 
imposed by the time required to identify the macroinvertebrates to species 
level. This can be overcome by: (1) restricting the sampling activity to a small 
number of sites, (2) focusing the attention of taxonomic specialists on a limited 
range of invertebrate families, e.g. aquatic beetles (Foster et al. 1990) and non-
biting midges (Chironomidae) (Wilson 1980), or (3) maintaining an extensive 
sampling programme combined with faunal identification restricted to family 
or genus level, in some taxonomic groups. 
We adopted the third option, accepting that there would be a loss of 
precision. However, classifications of freshwater invertebrate communities, 
derived from identification to species, can yield comparable patterns when 
viewed at family level (e.g. Furse et al. 1984). Some measures of community 
diversity (e.g. Simpson Index, Shannon-Weaver Index) are also little affected 
when compared at species and family level (Pinder 1989). 
Survey methods 
During July and August 1988, 21 ponds and 33 ditch sites were sampled for 
invertebrates (Fig. 1). They reflected the range of aquatic habitats available 
within the study area. At each site the percentage cover of aquatic plants and 
the depth of water were recorded. The 1987/88 winter was particularly wet and 
rainfall over the preceding year was ca. 25% higher than average. 
Consequently sites were buffered from drying during the summer of 1988. 
Sites on the land of lowest elevation were linked by floodwater for several 
weeks in the winter of 1987/88 (Fig. 1, shaded area); ponds here are also least 
likely to dry out. 
Water from each site was collected and analysed at monthly intervals in the 
year preceding faunal sampling and data covered the preceding two years for 
some sites. Temperature and oxygen were measured on site, and macro-
nutrients were determined by Anglian Water Authority analytical staff. For 
ease of comparison, physical and chemical data were grouped by season 
(winter, spring and summer), with mean values calculated for each site in each 
season. The mean levels of dissolved oxygen were calculated from spot 
readings taken each month, for the 3 and 12 months preceding invertebrate 
sampling (Table 1). 
A standard FBA pond-net (900 urn mesh) was used to obtain invertebrate 
samples from 10 separate locations at each site. A consistent sampling effort 
between sites was maintained. All major habitats available were included 
within the sample, in proportion to their presence at each site. Each sample was 
examined on site in a shallow white tray; the fauna present was noted and 
identified to a range of taxonomic levels and life cycle stages (Table 2). The 
life cycle stage was also noted as, in some cases, differing requirements and 
mobility have implications for the interpretation of habitats utilised. 
Individuals of each category were counted and representative examples were 
preserved for subsequent confirmation of identity. 
Assessing the faunal communities at each site 
The "quality" of the faunal community (and by inference each site) was 
assessed by using three approaches. 
(1). A modification of the BMWP (Biological Monitoring Working Party) 
scoring system was used. The BMWP system assigns scores to freshwater 
invertebrates, at "Family" level, on the basis of sensitivity to pollution, and has 
been widely adopted for use in rivers and streams in the UK (Chesters 1980). 
The scores range from 1 to 10, where high numbers are Families that are 
intolerant to pollution, whereas low numbers are tolerant taxa. Where 
identification of some juveniles was confined to a higher taxonomic level 
(Suborders and Orders), as with Ephemeroptera (mayflies), Trichoptera 
(caddisflies) and Odonata (damselflies and dragonflies), the allocated scores 
represented "mean" values for the various Families that might be expected to 
actually occur at the site (Table 2). 
INVERTEBRATES IN SWAVESEY FENS 167 
168 T. PARISH, J. BASS AND T. SPARKS 
For each site the sum of BMWP (modified) scores for the Families present 
was divided by the number of Families occurring at the site, to give an Average 
Score Per Family or Taxon, the ASPT. A high value for ASPT is characteristic 
of unpolluted upland lotic sites, whereas a low value is characteristic of 
lowland sites that normally do not have many of the high-scoring Families, 
even when unpolluted (e.g. Armitage et al. 1983). 
(2). Faunal richness was calculated as the number of faunal "groups" 
represented at each site. The range of fauna was condensed into 22 taxonomic 
groups (Table 2), including beetle adults and larvae as a single group for this 
particular purpose. Annelid worms were excluded from the analysis as their 
occurrence at only one site indicated that this normally ubiquitous group had 
been overlooked during sampling. 
(3). Simpson's index of diversity (Simpson 1949) was calculated from the 
abundance values of the 22 groups described above. 
Statistical analysis 
Two principal component biplots (Digby & Kempton 1987) were created from 
the data. The first consisted of an ordination of the 54 sites and 10 
environmental variables. These environmental variables were the three 
(seasonal) nitrate, three (seasonal) phosphate and two (3-month and 12-month) 
mean dissolved oxygen concentrations, together with the measurements of 
water depth and amount of vegetation cover (Table 1). The second ordination 
was of the 54 sites and 23 faunal groups, where beetle adults and larvae were 
treated separately and Annelida were excluded. 
Stepwise multiple regression was carried out on the three faunal-quality 
variables (modified BMWP, faunal richness and Simpson's index). An 
examination of the residual plots in the manner described by Draper & Smith 
(1981) revealed no obvious inadequacies or suggestions of non-linearity in 
these regression models. The abundances of the faunal groups in ditches and 
ponds were compared using the non-parametric Mann-Whitney test. 
Exploring relationships between sites and environmental variables 
The ordination of sites and environmental variables shows a broad separation 
of the two types of freshwater habitats - ditches and ponds (Fig. 2). The 
vectors indicate the strong positive correlation between nitrate and phosphate 
concentrations, and close correlation between the two oxygen variables (Table 
1) is also indicated. Since their vectors are almost opposite, a negative 
correlation is indicated between water depth and vegetation cover. Sites at the 
left of the ordination in Fig. 2 are associated with high levels of nitrate and 
phosphate. The ponds tend to occur to the right of the origin and were 
generally associated with lower nutrient levels. The site upstream from the 
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sewage treatment outfall is marked with the letter Z whilst sites downstream 
from the outfall are marked with the letters A-F in order of distance 
downstream (Figs 1 and 2). A clear trend is indicated for a decline in nutrient 
levels and this trend is further examined in Table 3. Two shallow (< 20 cm), 
heavily vegetated (100% cover) ponds with low oxygen levels are marked as 
letters M and N on the ordination shown in Fig. 2. 
Remarks on some important environmental variables (nutrients, oxygen 
content and floods) 
Concentrations of macro-nutrients throughout the study area are sufficiently 
high to support luxuriant growths of water-plants which, particularly in ditches, 
are periodically removed when drainage is impaired. However, at the time of 
sampling many of the ditches were hydrologically unconnected and faunal 
communities were not impacted by recent vegetation management. The degree 
of shading by riparian vegetation, and to a lesser extent water depth, influenced 
the density and type of plant cover at each site and in consequence the faunal 
composition, as observed by Scheffer et al. (1984). 
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Seasonal data on water chemistry highlighted the persistent high loading 
downstream from the sewage treatment works. Ponds generally were 
characterised by low nitrate and phosphate throughout the year, though the 
impact of nutrients in seasonal floodwater entering some ponds was not 
quantified. In the ditch sites adjacent to the treated sewage outfall there was a 
progressive downstream reduction in nitrate and phosphate. The data suggests 
that the sewage treatment outfall was markedly reducing dissolved oxygen 
levels for a distance in excess of 2 km. The high levels of nitrate and phosphate 
were reduced by almost 50% over the 7 km course before the ditch discharged 
into the river. This demonstrated the capacity for self-purification within the 
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heavily vegetated channel and potential scope for treatment of diverted effluent 
to protect adjacent waterbodies. Similarly, high seasonal levels of fertiliser-
derived nitrate and phosphate were associated with land designated as mainly 
arable. This seasonal contamination of waterbodies represents a cost to 
farmers, both in terms of inefficient utilisation by crops and the necessity for 
increased aquatic vegetation management. 
Measurements of dissolved oxygen by "spot" readings is inadequate to 
detect diel fluctuations that may have occurred at heavily vegetated sites. 
However, some depressed oxygen values were recorded downstream from the 
treated sewage discharge point; continuous monitoring was unfortunately not 
undertaken. In the predominantly shallow waterbodies that were sampled, it is 
probable that gaseous exchange at the water surface is sufficiently rapid to 
mask the effects of microbial and plant respiration, but it is acknowledged that 
short-term (diel) oxygen depletion may have occurred, with consequent 
impacts on the aquatic fauna. 
Flooding events may not affect the water quality parameters measured in this 
study, but they do appear to affect water quality indicator species, especially in 
the larval forms. Such an effect has been rioted in a study of the River Roding 
in London (P. Hankard, personal communication). The possible impacts of 
short-term inputs must be borne in mind when using the BMWP score or any 
similar system. As sampling for nitrate and phosphate was carried out on a 
monthly basis, peaks and troughs between sampling points in time could have 
occurred undetected with a consequent major impact on fauna. Continuous 
monitoring of a survey area of this size would, however, be impractical. 
Impacts of environmental variables on the aquatic invertebrates 
Despite the absence of contrasting pristine conditions within the Swavesey 
study area, this survey has clearly shown the detrimental effects of elevated 
nitrate and phosphate from agricultural sources and the localised impacts of 
treated sewage effluent on a range of aquatic invertebrates in ditches. However, 
the invertebrate community response may be indirect via, for example, a 
reduction in the populations of prey organisms. Conversely, those prey 
organisms that are tolerant of poor water quality (e.g. chironomid larvae), can 
thrive where potential predator populations have been kept in check. Such 
functional groups, especially if they are detritus feeders, can thrive in highly 
eutrophic conditions. The abundance of water mites, downstream from the 
sewage works discharge point, arises from their close association with both 
chironomids and corixids that are prey for the adult water mites and hosts for 
their early parasitic life stages. Some ponds that were considered to have a 
"low input" of water and minerals may receive some nutrients, pollutants and 
silt via intermittent flooding (shaded area, Fig. 1), sufficient to hinder the 
development of more diverse faunal assemblages. As other ponds (outside the 
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low input/flooded area) showed little in the way of a contrasting fauna (with 
the exception of more Gammaridae) or faunal richness, this lends support to 
the observation that faunal differences within the study area were relatively 
small. 
The localised effects of the sewage treatment outfall in the study area appear 
to be real. However we have no "control" ditch of a similar size within the 
study area. It is noted that both water quality and faunal richness dropped 
dramatically downstream of the treatment works outfall (Table 3). Samples of 
water and invertebrates in ditches draining storm water from the adjacent major 
road show that this does not substantially contribute to the changes observed. 
An associated practice, that was not addressed, is the intensive vegetation 
management of ditches and its effect on aquatic fauna. Proposed cyclical 
methods of ditch management (Newbold et al. 1989), to favour long-term floral 
and faunal diversity, are important in this context. 
We recognise that further information could have been obtained by 
identifying species within our faunal groups. Indeed, some species within 
groups may react differentially to nutrient status, e.g. gastropods (Daldorph & 
Thomas 1991) and Corixidae (Savage 1994). Consequently, "bulking" taxa 
into Family groups may have clouded or masked the reponses of certain 
sensitive species. 
Conclusions 
This survey of freshwater invertebrates, within a landscape typical of many 
arable areas in lowland Britain, has shown that, even in the absence of habitats 
with a particularly low nutrient status, communities of contrasting richness do 
occur, particularly in ditches and ponds in the unflooded area. It also re-
emphasises the potential for promoting biodiversity in areas where water 
quality can be controlled and manipulated. This might be achieved by the 
extended retention of effluents in open channels, together with environmentally 
sensitive approaches to ditch clearance and vegetation control. Not 
surprisingly, ordination plots suggested there are contrasting invertebrate 
communities in ditches and ponds. However, as many ditch sites are effectively 
linear ponds for much of the year, these differences can be explained in terms 
of contrasting water quality rather than static versus flowing water. Faunal 
diversity was detrimentally affected by increased levels of nitrate and 
phosphate associated with the most intensively farmed arable land, and there 
was a clear gradation of impact in the ditch receiving the treated sewage 
effluent. 
The increasing levels of nitrate and phosphate documented in surface and 
groundwaters of lowland Britain pose a real threat to freshwater invertebrate 
diversity and this study reinforces the view that minimising nutrient losses by 
the development of effective riparian buffer zones is desirable. 
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